Hit early This systematic review and meta-analysis
investigated a very inhomogeneous group of patients with sepsis, trauma, burn, or undergoing high-risk surgery. Such heterogeneity might limit the usefulness of pooling data [5] . The authors explicitly excluded studies with ICU patients in whom GDT was started "before or in the operating room", i.e., before or during general anesthesia or surgical trauma. Thus, the studies included in this systematic review and meta-analysis have one thing in common: GDT was initiated rather late, i.e. after the "first hit" (surgical trauma or onset of acute illness) had already occurred. However, for GDT to be effective, early timing of the intervention is key. We should consider GDT as a preventive measure to avoid development of organ dysfunction rather than a treatment strategy for established organ failure [6] ( Fig. 1) . In this respect, there is better evidence for a beneficial impact of GDT on patient outcome in surgical patients than in non-surgical ICU patients [7] . 2. Personalize Studies included in the systematic review and meta-analysis were inhomogeneous not only with regard to the patient population and underlying disease leading to ICU treatment but also with regard to the hemodynamic targets used in the study group (cardiac output, stroke volume, stroke volume variation, oxygen delivery, central venous oxygen saturation, or mixed venous oxygen saturation). Comparing studies using such different resuscitation targets in a group of
The serial or continuous assessment of hemodynamic variables-called hemodynamic monitoring-allows the evaluation of changes in cardiovascular dynamics and is recommended in patients at risk of hemodynamic instability in perioperative and intensive care medicine [1] [2] [3] . Aiming to achieve specific target values of hemodynamic variables is referred to as "goal-directed therapy" (GDT). Whether performing GDT enables patient outcome to be improved is a matter of ongoing scientific evaluation and debate. Therefore, Cronhjort and colleagues should be commended for having performed a systematic review and meta-analysis on the impact of protocolized GDT on mortality in adult critically ill patients [4] . The authors analyzed 13 randomized, clinical, open-label trials including patients treated in the intensive care unit (ICU), emergency department, or "corresponding level of care", only 6 of which were high quality trials with low risk of bias [4] . To be eligible for inclusion in their meta-analysis, studies needed to define its control group as standard of care (including measurement of central venous pressure) without any structured hemodynamic patients suffering from different "ICU syndromes" may be problematic from a physiological point of view. In analogy, in oncology research, one would not try to investigate in a systematic review and meta-analysis whether "chemotherapy" (whatever chemotherapeutic agent used) can cure "cancer" in an inhomogeneous group of patients with leukemia, osteosarkoma, gastrointestinal cancer, lung carcinoma, and glioblastoma. Coming back to GDT, which resuscitation target is the most appropriate depends on the patient population you use it in. For example, in patients with early septic shock and still high central venous oxygen saturation, a resuscitation algorithm with a central venous oxygen saturation target of 70% can hardly trigger beneficial interventions. To give another example, cardiac output might be better used as a target variable in major abdominal surgery patients than in patients with distributive shock who have (unphysiological) high cardiac output anyway. Therefore, we first need to consider the pathophysiologic alterations causing cardiocirculatory dysfunction in the specific group of patients we intent to treat and then define precisely which hemodynamic variables we want to monitor/ control and what numbers of these variables should be targeted. A GDT approach can only be as good as the algorithm used to guide administration of fluids and vasoactive agents. This has been discussed many times before [5, 8, 9] and it is impossible to agree on a "universal treatment algorithm". The challenge is to combine two concepts that seem to be contradictory at first sight: personalized hemodynamic treatment for the individual patient and protocolized care [10] . Although it has been stated a long time ago that using protocols does not ensure excellence, [11] protocolizing hemodynamic care to a certain degree seems to be necessary to rationalize therapy. To help building a symbiosis between "personalization" and "protocolization"-and thus to perform "personalized GDT"-we should use hemodynamic multimodal treatment algorithms [12] and targets adapted to the clinical situation and to the individual patients [10, 13] (Fig. 1 ).
Use the right tool
The success of GDT therapy also depends on the ability of a hemodynamic monitoring technology to accurately and precisely measure the hemodynamic variable it is supposed to measureor at least track the direction of changes of this variable in response to therapy [14] . This, however, is not a problem of GDT per se but is a technological issue that needs to be addressed in solid validation studies appropriately applying the available statistical methods [15] [16] [17] [18] [19] [20] . What is the most appropriate hemodynamic monitoring technique depends on the specific clinical setting it is used in and the hemodynamic variables that are targeted. 4. Choose the right endpoint Last but not least, the effect of any intervention on a certain endpoint measure (e.g. mortality) depends on how frequently this outcome occurs. As ICU mortality has already markedly decreased over time because many aspects of care for critically ill patients have improved, the effect of any single intervention on mortality becomes more and more difficult to prove. In this respect, when mortality rates are low (e.g. after elective surgery), other outcomes such as post-operative complications, hospital length of stay and costs, as well as functional recovery are more appropriate endpoints.
In summary, GDT should be applied as early as possible, at best as a preventive measure to avoid postoperative complications in surgical patients and organ failure in the ICU (Fig. 1) . Finally, GDT and its target variables must be tailored to well-defined clinical scenarios and adapted to the individual patient, thus resulting in "personalized GDT". 
